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(57) ABSTRACT

This invention relates to methods and systems for providing
chemical and/or biological materials. Thus we describe a
method of providing a chemical or biological material in a
quantized form, the method comprising: preparing an emul-
sion comprising a plurality of microdroplets each holding a
controlled amount of said material; storing said chemical or
biological material in said microdroplets in said emulsion;
transferring a portion of said emulsion microdroplets to a
container for transportation; transporting said container to a
user of said material, wherein said user receives said material
in a quantized form in said microdroplets of said emulsion;
and de-emulsifying said received microdroplets containing
said material in quantized form to extract said material for
subsequent use.

17 Claims, 1 Drawing Sheet
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METHOD OF PROVIDING A CHEMICAL OR
BIOLOGICAL MATERIAL IN QUANTISED
FORM AND SYSTEM THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is U.S. national phase filing under 35
U.S.C. §371 of PCT/GB2011/051552 filed on Aug. 17,2011,
and claims priority from United Kingdom Application No.
GB 1013969.9 which was filed on Aug. 20, 2010, both of
which are incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to methods and systems for provid-
ing chemical and/or biological materials.

BACKGROUND TO THE INVENTION

Microdroplets show great promise as a new high-through-
put technology in chemistry, biochemistry and molecular
biology. Microdroplets can be generated at rates in excess of
several thousands per second and accurately formulated using
minute amounts of small molecules, DNA, proteins or cells.
Furthermore, integrated active elements can be used to con-
trol individual droplets. For example, we have previously
described, in W0O2009/050512, a technology that bridges the
fields of microdroplets and continuous flow microfiuidics by
extracting on-chip the contents of microdroplets and incor-
porating them into a continuous stream.

Traditionally microdroplets have served as “microreac-
tors” for controlled processing of the contents. For example,
Rain Dance Technologies Inc, have technology to fuse micro-
droplets holding a specific primer pair with other microdrop-
lets containing the DNA to which the specific primers are to
be attached. Other background prior art can be found in
US2010/0022414 and in US2010/0137163.

The inventors have recognised that microdroplets may,
alternatively, be used in other ways.

SUMMARY OF THE INVENTION

According to the present invention there is therefore pro-
vided a method of providing a chemical or biological material
in a quantised form, the method comprising: preparing an
emulsion comprising a plurality of microdroplets each hold-
ing a controlled amount of said material; storing said chemi-
cal or biological material in said microdroplets in said emul-
sion; transferring a portion of said emulsion microdroplets to
a container for transportation; transporting said containerto a
user of said material, wherein said user receives said material
in a quantised form in said microdroplets of said emulsion;
and de-emulsifying said received microdroplets containing
said material in quantised form to extract said material for
subsequent use.

The inventors have recognised that there are special prob-
lems in storage and handling of very small quantities of often
high-value materials to which microdroplet technology can
provide a solution. More particularly, microdroplets provide
a method of handling very small amounts of material by
encapsulating the material in a microdroplet in a quantized
amount (for example molar or by weight), thus enabling a
controlled quantity of the microdroplets to stored, trans-
ported, and dispensed, at the receiving end, de-emulsitying
the droplets to extract the material for subsequent use, for
example into a bulk liquid. In a synergistic manner, the use of
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microdroplets in an emulsion to store the chemical/biological
material facilitates stable, long-term storage, in embodiments
without affecting the controlled extraction of the material
from the microdroplets. Thus, for example, whilst the volume
of a microdroplet might change during storage thus effec-
tively changing the concentration of material within the drop-
let, the actual quantized amount of material deposited by a
single droplet remains substantially the same. Thus in
embodiments by simply counting out a number of droplets a
determined amount of material may be extracted into, say, a
bulk liquid for subsequent processing.

Notwithstanding this, in embodiments of the method either
or both of the storing and transporting may also include a
compensatory process to, in effect, top-up liquid lost from a
microdroplet by dissolution into the emulsion, to thereby
substantially maintain droplet size and/or material concentra-
tion. In embodiments this may comprise semi-permeable
membrane in contact with the emulsion against which top-up
fluid is located, for example water or a butfer solution. In this
way a substantially chemical/biological environment may be
maintained.

In the case of a biological material, in particular a living
biological material, microdroplets have the advantage of pro-
viding a substantially sterile environment. An arrangement
broadly along the lines described above may be employed to
provide an enhanced gaseous exchange environment for the
biological material, for example to help maintain a level of
oxygen within a microdroplet. For this purpose it is particu-
larly preferable that a fluorous oil (eg a fluorocarbon or per-
fluorocarbon-based oil) is employed for the emulsion, as this
can absorb oxygen and help to create an oxygen rich environ-
ment for a living biological material by transferring the oxy-
gen from an external environment into the oil layer and
through to the living material, which may comprise cells,
bacteria, small organisms, algae and the like. Optionally
nutrients for the living material may also be included in a
microdroplet. In general a microdroplet storing living bio-
logical material comprises a droplet of aqueous fluid, for
example water, in oil, or a double emulsion of (water in 0il) in
water may be employed.

In embodiments of the method where the material com-
prises entities such as cells, labelled beads, and the like pref-
erably there is, on average, an integral number, for example
unity, of entities in each microdroplet. Preferably most or all
microdroplets include at least one entity (although this is not
essential since the entities may be labelled so that the pres-
ence or absence of an entity may be detected and/or so that the
number of dispensed entities may be counted, say, using a
laser fluorescence process. Where labelled entities are stored
in the microdroplets, in embodiments a label-detecting sort-
ing device such as a FACS (fluorescence activated cell sorter)
may be employed to enrich the emulsion, that is to increase a
proportion of microdroplets holding at least one entity.

Where the material held within a microdroplet comprises a
material in solution, preferably the microdroplets are sub-
stantially monodisperse, that is for example, having a poly-
dispersity index of less than 0.1, in embodiments less than
0.05 (the polydispersity index may be defined, for an assumed
Gaussian distribution, as 0°/x> where the mean droplet size is
x and the standard deviation of the distribution is o). This is
advantageous when a microdroplet holds the material in solu-
tion because preparing a substantially monodisperse micro-
droplet emulsion means that substantially the same amount of
material is incorporated within each microdroplet.

Different types of emulsion may be employed depending,
in part, upon the material to be transported. Thus the emulsion
may comprise a water-in-oil emulsion, as previously
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described or a double emulsion such as a water-in oil-in water
double emulsion, which is particularly advantageous for the
storage of reagents. Alternatively the emulsion may comprise
an emulsion of two (or more) immiscible organic liquids,
which can be advantageous, for example, for storing/trans-
porting chemical/biological catalyst material.

Embodiments of the above described technique are par-
ticularly advantageous for storage/shipping/handling of
materials which are very expensive but may be provided/used
in very small, sometimes invisible, amounts, such as antibod-
ies. The storage/transportation/handling of such materials
can otherwise be very difficult. It is important to recognise
here that we are not describing microfluidic-type experiments
in which processing is performed by, for example, fusing two
different types of microdroplets containing materials which
are to be reacted together; instead we are describing tech-
niques for managing in general small quantities of high value
material in which the material is afterwards extracted from
the microdroplets, but in a controlled quantised manner, say
into a bulk liquid, even where the actual amounts of the
material are so small as to be substantially invisible.

Thus another application of embodiments of the above
described techniques is the transportation of biological crys-
talline material, such as a protein crystal, to a synchrotron, for
x-ray diffraction analysis or similar structural characterisa-
tion. Other applications include (but are not limited to) the
transportation of radionucleotides such as phosphorous-32,
and the transportation of catalysts, as previously mentioned.
Although some preferred embodiments employ fluorous oil
as one of the liquids of the emulsion, a hydrocarbon-based oil
may additionally or alternatively be employed. In some pre-
ferred embodiments the microdroplets are stabilized by
employing a surfactant, which may be either polymeric (for
example with a hydrophilic core and fluorocarbon or hydro-
carbon side chains) or non-polymeric (small molecule).

The amount of material within a microdroplet may, in
embodiments, be less than 100 nm, 10 nm or 1 nm. Optionally
when the microdroplets are being prepared, the preparation
process may include splitting a droplet into two, three or
more, which may be achieved using geometrical flow tech-
niques, for example a T-junction to divide droplets into two.

The de-emulsitying process may simply comprise adding
an excess of a fluid such as oil and/or adding a de-emulsifying
agent to split the emulsion into separate bulk phases, for
example water and oil. Thus in embodiments the de-emulsi-
fication process to extract the contents of a microdroplet or
microdroplets is not performed in a microfluidic device.
Optionally the de-emulsification process may comprise
blending the contents of two different types of microdroplets
into a common bulk liquid phase.

The skilled person will recognise that different parts of the
above described method may be implemented by different
users of the method, in particular at the preparation end of the
process, and at the material use end of the process.

Thus in a first related aspect there is provided a method of
preparing a chemical or biological material for providing to a
user in a quantised form, the method comprising: preparing
an emulsion comprising a plurality of microdroplets a hold-
ing a controlled amount of said material; storing said chemi-
cal or biological material in said microdroplets in said emul-
sion; and transferring a portion of said emulsion
microdroplets to a container for transportation; wherein said
user receives said material in a quantised form in said micro-
droplets of said emulsion on receipt of said container.

The user receiving the shipped droplets may use the micro-
droplets in a number of ways including (but not limited to): 1)
Using the droplets neat, that is without de-emulsification; 2)
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4

diluting or concentrating the droplets without de-emulsifica-
tion; 3) de-emulsifying the droplets to access the contents.

In a further related there is provided a method of receiving
a chemical or biological material in quantised form, the
method comprising: receiving from a supplier of said chemi-
cal or biological material a container holding an emulsion
comprising a plurality of microdroplets each holding a con-
trolled amount of said material, such that said user receives
said material in a quantised form in said microdroplets of said
emulsion; and de-emulsifying said received microdroplets
containing said material in quantised form to extract said
material for subsequent use.

The skilled person will recognise that features and aspects
of the above described embodiments of the complete end-
two-end method may be employed with the above described
portions of the method implemented at either end of the
complete procedure.

In a related aspect the invention provides a system for
providing a chemical or biological material in quantised
form, the system comprising: apparatus configured to prepare
an emulsion comprising a plurality of microdroplets each
holding a controlled amount of said material; apparatus to
store said chemical or biological material in said microdrop-
lets in said emulsion to a user; apparatus to transfer a portion
of said emulsion microdroplets to a container for transporta-
tion to a user; wherein said user receives said material in a
quantised form in said microdroplets of said emulsion; and
apparatus to de-emulsify said received microdroplets con-
taining said material in quantised form to extract said material
for subsequent use.

The invention further provides apparatus for preparing a
chemical or biological material for providing to a user in a
quantised form, the apparatus comprising: apparatus config-
ured to prepare an emulsion comprising a plurality of micro-
droplets each holding a controlled amount of said material;
apparatus to store said chemical or biological material in said
microdroplets in said emulsion to a user; and apparatus to
transfer a portion of said emulsion microdroplets to a con-
tainer for transportation to a user, wherein said user receives
said material in a quantised form in said microdroplets of said
emulsion.

The invention still further provides apparatus for receiving
achemical or biological material in quantised form, the appa-
ratus comprising: a container from a supplier of the chemical
or biological material, the container holding an emulsion
comprising a plurality of microdroplets each holding a con-
trolled amount of said material; and apparatus to de-emulsify
said received microdroplets containing said material in quan-
tised form to extract said material for subsequent use.

Again features and aspects of the previously described
methods may be implemented into apparatus configured to
implement the methods. For the sake of brevity these will not
be repeated here, but the skilled person will understand that
the invention also contemplates means for performing the
various features and aspects of the previously described
methods. Thus, for example, there may be provided apparatus
to maintain a gaseous environment within the microdroplets
and/or to compensate for loss of liquid from the microdrop-
lets to the emulsion; this apparatus may be incorporated into
the container transporting the microdroplet emulsion. Simi-
larly apparatus may be provided to facilitate extracting a
controlled quantity of microdroplets from the container, for
example by counting out a number of microdroplets.

According to a further aspect of the invention there is
provided a method of protecting cells or other living entities
or a reagent in a device, the method comprising: forming an
emulsion comprising microdroplets of an aqueous medium in
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oil, wherein said cells or other living entities or reagent are
provided in said microdroplets; and processing said cells or
reagent in said device protected with said microdroplets.

According to another aspect there is also provided appara-
tus for protecting cells or a reagent in a device, the apparatus
comprising: means for forming an emulsion comprising
microdroplets of an aqueous medium in oil, wherein said cells
or other living entities or reagent are provided in said micro-
droplets; and means for processing said cells or reagent in
said device protected with said microdroplets.

In embodiments the method/apparatus may also provide
nutrients for the cells or other living entities in the microdrop-
lets; a fluorous oil may be employed to provide an enhanced
gaseous exchange environment for the cells or other living
entities. Alternatively a fluorous oil may be employed to
provide an oxygen deficient environment to facilitate storage
of'a reagent. Optionally a reagent may be concentrated within
the microdroplets during preparation of the emulsion. These
techniques may also be employed with the methods previ-
ously described.

There is also provided a method/apparatus of/for growing
a cell or other living entity, wherein the cell or other living
entity is held within an aqueous droplet in oil, in particular in
conjunction with a nutrient.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will now be further
described, by way of example only, with reference to the
accompanying figures in which:

FIG. 1 shows, schematically, an example of a method
according to an embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Microdroplet Protected Storage

Various “reagents” can be stored in droplets. These
include:

Organisms: such as C. elegans, zebrafish embryos, D.
melanogaster lavae etc.

Tissues: including extracts, secretions, samples or biop-
sies.

Cells: including mammalian, bacteria, yeast, fungal, pro-
tozoan and algae.

Parasites: such as viruses, plasmids, transposons and pri-
ons.

Macromolecular structures and complexes (synthetic):
such as polymers, beads (paramagnetic and other), buckmin-
sterfullerene, nanotubules and gels.

Macromolecular structures and complexes (natural): poly-
mers, gels, genes, vectors, membranes.

Biological fluids: such as blood, serum, semen, seminal
fluid, nipple aspirate, nasal secretions, sweat, tears, bile, con-
junctival fluid, cerebrospinal fluid, urine, mestrual fluid,
organ fluids, breath aspirate, saliva, faecal extracts.

Molecules: lipids, nucleic acids, carbohydrates, drugs,
chemicals, compounds, ions, elements, drugs, analytes, pro-
teins, enzymes, antibodies, peptides, lipids, nucleic acids,
metabolites, carbohydrates, glycoproteins and catalysts.

Tons: including Mg?, CI7, and the like.

Gases: such as CO,, O,, and the like.

These reagents can be stored, dispensed and delivered in
various microdroplet types. The microdroplet contents may
be in a water-oil emulsion or a water-oil-water emulsion (a
double emulsion) or variants thereof that could be comprised
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of different oils. Various surfactants may also be used to
stabilise microdroplet interfaces.

The microdroplet format has the unexpected effect of sta-
bilising stored reagents preventing them from biological,
chemical or physical deterioration. Microdroplets also have a
large surface area for their volume which is good for gas
exchange—this can help with cell survival such that they
survive for many days. The use of fluorous oils can also help
O, to dissolve, which can be useful for applications which
require oxygen-rich environments, by providing an external
source of oxygen—and “in reverse” oxygen-deficient envi-
ronments, by providing an external oxygen sink. Thus the use
of fluorous oils can also be useful for applications which
require oxygen-deficient environments.

In addition, by storage of such reagents in droplets, this can
improve the utilisation of the stored reagent by enabling the
dispensing of one or more small droplets (a volume range
including but not restricted to picoliters through to nanoliters)
into an assay in a format which prevents evaporation of the
enclosed solvent(s) of the droplet. Evaporation of a solvent
can cause subsequent damage to the reagent as it causes
dehydration of the reagent; this effect is inhibited by the use
of microdroplets.

The use of oil-water droplet emulsions and double emul-
sions has the unexpected property that it can stabilise any
encapsulated reagents during storage and dispensing. Also, as
the droplet format can concentrate the reagent within the
droplet solution, this can also have a protective effect on
certain reagents. For example, some reagents are known to
become inactive at low concentration upon storage due to
effects such as absorption to storage vessel walls. Storage of
the reagents in a droplet format reduces this effect.

Also, during reagent dispensing, certain reagents can suf-
fer from physical shear stress during the movement process or
adsorb to the wall of the dispenser and the reagents thus lose
activity. By dispensing the reagents in a droplet format, this
shear stress and adsorption effect is reduced.

The inventors have observed that emulsion droplets have
applications as stabilising reagents, prolonging their function
and cell survival, reducing shear stress, adsorption of reagents
and their damage during dispensing.

Droplet production can be done using easily purchasable
equipment from well-known suppliers. The chemicals and
surfactants desired for droplet production are also easily
available. An engineering system which automates the large-
scale production of reagents in droplets may be provided.
Stable, Quantised Material Storage and Transportation

Broadly speaking we will describe a system which allows
the generation of microdroplets having contents, the storage
and transfer of the generated microdroplets, and dispensing of
the microdroplet contents. Thus embodiments use micro-
droplets as storage, delivery and/or dispensing agents. The
system is generally concerned with manipulating microdrop-
lets rather than, more specifically, the contents thereof.
Embodiments of the system are therefore not concerned with
microfluidics as such, although the contents may be delivered
by a microfluidic device.

The storage is of an emulsion comprising the generated
microdroplets. This may comprise an oil in water, water in oil,
organic solvent in oil, or the like, emulsion. Generally, the
microdroplets may have volumes of the order of pL. to nl. (eg
<10 nLL or <1 nL). A microdroplet may have a maximum
lateral dimension of less than 1 mm, 500 pm, 100 um, 50 pm,
10 um, or 1 pm.

The generation of microdroplets with contents, e.g., a
reagent, may involve putting the contents into the microdrop-
lets. The generation may optionally further involve generat-
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ing the microdroplets prior to adding the contents, which may
be achieved for example by membrane emulsification, a
microdroplet sorter and/or flow focussing device, and/or by
diluting a suspension of cells (or other content material) and
screening out microdroplets that remain empty, i.e., which do
not contain cells (or other biological/labelled entities).
Microdroplets may be created using microfluidics (channel
width <1000 um, for example ~100 pm), but thereafter the
microdroplets may be harvested, removed from the microf-
luidics chip and then stored and shipped and dispensed using
other formats or containers.

The microdroplets with or without the contents may be
polydisperse but more preferably, for example for accurate
determination of the amount of content dispensed, the micro-
droplets are substantially monodisperse (the microdroplets
have the substantially the same size, e.g., have monodisper-
sity of less than about 5%, e.g., less than or equal to ~1 to
~2%).

The contents of the stored microdroplets may comprise
different contents in different respective microdroplets. For
example, the storage may store mutually reactive components
separately in respective microdroplets, the reaction taking
place after storage, from example upon de-emulsification.
Thus, the microdroplets may have the same or different con-
tents, and the different contents may be present in the emul-
sion in various ratios.

The emulsion may be stored in a vial, syringe, tubing,
Eppendorf pipette, or glass capsule containing an emulsion
comprising the microdroplets. Preferably, however, the stor-
age unit functions as a chemostat, for example a microscopic
chemostat for storing microdroplets for days, weeks or
months. In such a chemostat, nutrients may be transterred, for
example to promote growth of a biological organism in a
microdroplet. The chemostat may comprise a membrane
between an outer water layer and the oil of the emulsion. Such
amembrane may reduce or substantially prevent shrinkage of
an aqueous microdroplet in the oil, which otherwise may
reduce in size due to diffusion of water from the microdroplet
into the oil. Preferably, the chemostat maintains a constant
chemical environment for the microdroplet and/or content,
this being advantageous for example for maintenance of life
of a biological entity. Such maintenance of life generally
requires gaseous input and output (e.g. O,) which may be
achievable using fluorous oil as the microdroplet carrier of the
emulsion. A double emulsion may similarly be advantageous
for such maintenance of life.

However, such shrinkage of microdroplets may allow a
constant concentration of the microdroplet contents to be
maintained in the emulsion and therefore the use of a chemo-
stat and/or double emulsion or the like is not essential. There-
fore, a single emulsion may be used rather than a double
emulsion. In this regard, it is noted that a double emulsion
may be processable by a FACS (fluorescence-activated cell
sorter) machine, which may be used to enrich the microdrop-
lets before shipping, e.g., to ensure that substantially the
droplets contain the desired content, e.g., cell(s), micro-
spheres or microbeads as a chemical/biological material, for
example DNA, carrier, and the like.

The transfer may comprise shipping, e.g., by post, by any
means, e.g., flight, ship, haulage, etc. and may be across long
distances, e.g., inter-state or further. An embodiment may
comprise shipping a chemostat containing the microdroplets.

The dispensing may involve counting or measuring a pre-
determined amount and de-emulsifying. For example, a pre-
determined number of one or more of the microdroplets may
be counted out, e.g., by a FACS sorter device. Additionally or
alternatively, a device that is separate or integrated to the
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storage unit may be used to perform the counting, e.g., using
alaser to count the microdroplets as the emulsion flows out of
the storage. Alternatively, the dispensing may be achieved by
measuring out a volume of the emulsion, e.g., of the order of
mL. Thus, an embodiment may contrast with typically dis-
pensation on a weight or volume basis, e.g., on the basis of mg
or ml, quantities of contents which are not first provided in
microdroplets.

Thus, since the contents are quantized on a per-microdrop-
let basis dispensing of a defined number of microdroplets
may be achievable, the dispensing may advantageously dis-
pense very small quantities of the required contents, e.g., as
contained within 1, 10, 100, or 1000 microdroplets. The fine
granularity with which quantities of the content may be dis-
pensed may allow delivery of very small quantities, e.g., for
adding small amounts of a chemical and/or biological entity
to an experiment.

The de-emulsifying is generally performed by destablising
the emulsion to break up the microdroplets, for example by
adding fluorous oil such that the emulsion effectively disap-
pears leaving behind the microdroplets. Various other de-
emulsifying methods may be additionally or alternatively be
used, however, e.g., adding salt and/or surfactant to lyse the
microdroplets, shearing, heating, sonification, and so forth.

In an alternative approach, we have previously described,
in WO2009/050512 (incorporated by reference) how extrac-
tion may be achieved through electrocoalescence: droplets
are forced to coalesce with an aqueous stream by applying an
electric field across the channel. The extraction is controlled
through a voltage applied at microfabricated electrodes on
each side of the channel and can be performed in a continuous
or discrete fashion, optionally triggered by an external elec-
trical signal. This may be in response to the contents of the
droplets (for example based on a detected fluorescence inten-
sity) resulting in a system capable of selectively incorporating
the contents of droplets of interest to a continuous microfiu-
idic stream.

The stored microdroplets may be divided, for example by
dispensing a fraction, e.g., Y2, 14, V4, etc. of the emulsion or
counting out some of the microdroplets, and/or on a sub-
microdroplet basis by splitting. Such splitting may be
achieved by pushing microdroplets up against a wall in a flow
path of emulsion containing the microdroplets, the volume
ratio of splitting each microdroplet into parts (e.g., 1:1, 1:2,
1:3, etc.) depends on the geometry of the flow path, for
example a T-junction.

Advantageously, the microdroplets provide a sterile envi-
ronment for the stored contents. Additionally or alternatively,
the storage of contents in the microdroplets may allow the
microdroplets to be kept in an aqueous environment. This
may extend the length of time during which the contents can
be preserved without significant deterioration.

The contents of the stored microdroplets may comprise
biopharma compositions or biological entities such as DNA,
protein, peptide, bacteria, small multi-cell organism(s) (e.g.,
embryos), single cell(s), spore(s), antibody(s), etc. For
example, entities, e.g., proteins, that may otherwise be dam-
aged by hydration followed by dehydration are advanta-
geously stored, transferred and dispensed by an embodiment,
which allows the transfer and storage to take place while the
entity remains in the aqueous environment of the microdrop-
let.

Example applications include drug delivery and biological
and/or chemical laboratory experiments. However, embodi-
ments are applicable and advantageous in numerous fields.
For example, contents which typically need dispensing in
very small quantities are dye molecules, crystals or microc-
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rystals for synchrotrons, radio isotopes, and catalysts, e.g., for
curing materials such as PDMS (Polydimethylsiloxane).
Examples of contents which are typically need storage and
dispensing in a secure environment and/or in small quantities
are tuberculosis strains and nanoparticles (i.e., organic or
inorganic particles of dimension less than about 100 nm).
Embodiments may be advantageous for storing and dispens-
ing toxic entities.

One important advantage of the above-described tech-
niques is that they facilitate the combination of microdrop-
lets-based techniques with microfluidic analytical devices. In
general microfluidic analytical devices will not work satis-
factorily with a stream of emulsion as oil affects the operation
of such devices. The above described techniques enable the
contents of a droplet to be separated from the oil so efficiently
that the resulting stream of aqueous solution is as if the
materials carried by the solution have never been in an emul-
sion in the first place. Further, the aqueous stream may be
employed to functionally process the contents of a droplet, for
example by cleaving a material such as DNA from a solid
support such as a microsphere. The skilled person will appre-
ciate that the above techniques may be employed for a very
wide variety of chemical and biological procedures includ-
ing, but not limited to, the processing and analysis of DNA,
proteins, cells, enzymes, antigens and the like, in particular, in
high-throughput systems, as well for other chemical and/or
biological reactions and processes, for example PCR (poly-
merase chain reaction), and in a wide variety of sensors and
detectors, for example for detecting biological, chemical or
radiological threats.

Referring to FIG. 1, this shows an embodiment of a system
100 according to the invention. The system comprises micro-
droplet formation apparatus 102, as illustrated forming a
water-in-oil emulsion 104 of microdroplets containing the
chemical/biological contents, which is provided to a con-
trolled storage environment apparatus 106 or chemostat. In
embodiments the chemostat comprises a water/buffer solu-
tion in contact with a membrane which is in turn in contact
with the emulsion, as illustrated in the inset drawing. When
desired some or all of the contents of the storage apparatus are
transferred to an ampule 108 for shipping 110 to a end user
who has de-emulsification apparatus 112 which may either
lyse the microdroplets into one phase of two separate water/
oil layers, or which may comprise apparatus as previously
described in WO’512 (Ibid) to capture droplets into an aque-
ous stream. In either approach the chemical/biological con-
tents are extracted into a bulk liquid for subsequent process-
ing/use.

No doubt many other effective alternatives will occur to the
skilled person. For example in embodiments/aspects of the
invention step of the method may be combined. It will be
understood that the invention is not limited to the described
embodiments and encompasses modifications apparent to
those skilled in the art lying within the spirit and scope of the
claims appended hereto.

The invention claimed is:
1. A method of providing a chemical or biological material
in a quantised form, the method comprising:
preparing an emulsion comprising a plurality of micro-
droplets,
wherein each of said plurality of microdroplets holds a
controlled amount of said material,
wherein one or more said microdroplets comprises a first
liquid,
wherein said microdroplets are suspended in a second
liquid to form said emulsion;
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storing said chemical or biological material in said micro-

droplets in said emulsion;

providing a semi-permeable membrane in contact with

said emulsion against which top-up fluid is located for
performing a compensating process;
performing said compensating process to return said first
liquid to an interior of said microdroplet to compensate
for loss of said first liquid to said second liquid of said
emulsion in which said microdroplet is suspended; and

de-emulsifying said microdroplets containing said mate-
rial in quantised form to extract said material for subse-
quent use.

2. The method as claimed in claim 1, wherein said emul-
sion is a double emulsion.

3. The method as claimed in claim 1, wherein said emul-
sion comprises a fluorous oil, the method further comprising
controlling gaseous movement through said fluorous oil to
control an internal environment of said microdroplet.

4. The method as claimed in claim 1, wherein said de-
emulsifying further comprises blending contents of two dif-
ferent types of said microdroplets holding different types of
said material into a common bulk liquid phase.

5. The method as claimed in claim 1, wherein said prepar-
ing comprises dividing microdroplets of said emulsion into
two or more smaller microdroplets.

6. The method as claimed in claim 1, wherein said quan-
tised form of said material comprises quantisation of said
material into amounts of less than 100 nM, 10 nM or 1 nM.

7. The method as claimed in claim 1, wherein said micro-
droplet holds said material in solution within said microdrop-
let, and wherein said preparing comprises preparing an emul-
sion wherein said microdroplets are substantially
monodisperse.

8. The method as claimed in claim 7, wherein a change in
avolume of said microdroplet while said chemical or biologi-
cal material is held within said microdroplet changes a con-
centration of said material within said microdroplet but does
not substantially affect the quantised amount of said material
provided by de-emulsifying a controlled quantity of said
microdroplets.

9. The method as claimed in claim 1, wherein said material
comprises living biological entities, wherein said first liquid
in said microdroplet provides a sterile environment for said
living biological entities, and wherein said microdroplets
each hold, on average, substantially an integral number of
said living biological entities.

10. The method as claimed in claim 1, wherein said mate-
rial comprises labelled entities, and wherein said preparing
includes using a label-detecting sorting device to sort said
microdroplets to increase a proportion of said microdroplets
holding one or more of said labelled entities.

11. The method as claimed in claim 1, wherein said emul-
sion of said microdroplets comprises an emulsion of two
immiscible organic liquids.

12. The method as claimed in claim 1, wherein said mate-
rial comprises a crystalline material for structural characteri-
sation, the method further comprising providing said material
for synchrotron radiation analysis.

13. A method of providing a chemical or biological mate-
rial in a quantised form, the method comprising:

preparing an emulsion comprising a plurality of micro-

droplets,

wherein each of said plurality of microdroplets holds a

controlled amount of said material,

wherein said microdroplet comprises a first liquid,

wherein said microdroplets are suspended in a second liq-

uid to form said emulsion;
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storing said chemical or biological material in said micro-
droplets in said emulsion,

providing a semi-permeable membrane in contact with
said emulsion against which top-up fluid is located for
performing a compensating process; and

performing said compensating process to return said first
liquid to an interior of said microdroplet to compensate
for loss of said first liquid to said second liquid of said
emulsion in which said microdroplet is suspended.

14. The method as claimed in claim 1 further comprising:

receiving from a supplier of said chemical or biological
material a container holding said emulsion comprising a
plurality of said microdroplets, wherein each micro-
droplet holds a controlled amount of said stored chemi-
cal or biological material, such that said user receives
said material in said quantised form in said microdrop-
lets of said emulsion, wherein said de-emulsifying com-
prises de-emulsifying said received micro-droplets.
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15. The method as claimed in claim 1, further comprising:

transferring a portion of said emulsion microdroplets to a

container for transportation;

storing said chemical or biological material in said micro-

droplets in said emulsion, and

transporting said container to a user of said material,

wherein said user receives said material in a quantised
form in said microdroplets of said emulsion;

wherein said de-emulsifying comprises de-emulsifying

said received microdroplets.

16. The method as claimed in claim 15, further comprising
extracting a controlled quantity of said microdroplets from
said container.

17. The method as claimed in claim 16, wherein said
extracting comprises counting a number of said microdrop-
lets to determine said quantity.

#* #* #* #* #*



